I. INTRODUCTION
The X-ray source Her X-1 was first discovered by Tananbaum et al. (1972) , and the optical companion star HZ Her was identified by Liller (1972) and Bahcall and Bahcall (1972) . At least three different periodicities have been observed in the X-ray emission; 1. a period of 1.24 s associated with the neutron star rotation period, 2. a 1.7-day period associated with eclipsing by the companion star, 3. a 35-day cycle associated with the precession of the accretion disk. For a summary of the X-ray measurements of Her X-1 see McCray et al. (1982) .
A hard X-ray feature in the Her X-1 spectrum was first reported by the MPI/AIT group (Tramper et al., 1978) . They observed a feature which was consistent with a narrow ( < 13 keV) emission line at 58 keV with an intensity of 3.4 • 10 -3 ph/LM 2•s. Since then there have been a number of confirmations of these results by experiments of similar resolution (Gruber et al., 1980; Voges et al., 1982; Sheepmaker et al., 1981; Ubertini et al., 1981) . While these later results have been interpreted as being inconsistent with a narrow line, the minimum line width was in every case significantly less than the resolution of the experiments. For summaries of these measurements see Staubert et al. (1981) .
The MPI/AIT group interpreted this unexpected observation of a hard X-ray feature as a cyclotron emission line from the high magnetic fields near the pole of the neutron star. In the original measurement they also observed a feature at 120 keV which they suggested could be the second harmonic of the primary cyclotron line. This feature has not been confirmed in later measurements. Further considerations of both the theory of cyclotron lines and the observational data have shown that the feature could be explained equally well as an absorption lime. The observation of a secowll harmnic ABSTRACT subject headings: stars: individual (Her X X-rays: binaries -X-r
The hard X-ray spectrum of HER X-1 was measured for the first time with a high resolu':ion (1.4 keV FWHM) germanium spectrometer. The observation was performed near the peak of the on-state in the 35-day cycle and the 1.24 s pulsations were observed between the energies )f 20 keV and 70 keV. We confirm the observations of a hard X-ray feature in the pulsed energy spectrum which has been associated with a cyclotron line (Trumper et al., 1978) . The feature corresponds to an excess of 7.5 sigma over the low energy continuum.
Smooth continuum models are poor fits to the entire energy range (chance probabilities of 2 percent or less). The best fit energies are 35 keV for an absorption line and 39 keV for an emission line. These are significantly lower energies than those derived from previous experiments. A direct comparison of our data with the results of the MPI/AIT group shows statistically significant variations which strongly suggest variability in the source. We see no evidence for a second harmonic emission line around 120 keV (upper limit for a narrow line = 2 . 10 -4 ph/cm2•s). The X-ray source Her X-1 was first discovered by Tananbaum et al. (1972) , and the optical companion star HZ Her was identified by Liller (1972) and Bahcall and Bahcall (1972) . At least three different periodicities have been observed in the X-ray emission; 1. a period of 1.24 s associated with the neutron star rotation period, 2. a 1.7-day period associated with eclipsing by the companion star, 3. a 35-day cycle associated with the precession of the accretion disk. For a summary of the X-ray measurements of Her X-1 see McCray et al. (1982) . t A hard X-ray feature in the Her X -1 spectrum was first reported by the { MPI/AIT group (Tramper et al., 1978) . They observed a feature which was consistent with a narrow ( < 13 keV) emission line at 58 keV with an intensity of 3.4 • 10 -3 ph/Lm2 •s. Since then there have been a number of confirmations of these results by experiments of similar resolution (Gruber et al., 1980; Voges et al., 1982; Sheepmaker et al., 1981; Ubertini et al., 1981) . While these later results have been interpreted as being inconsistent with a narrow line, the minimum line width was in every case significantly less than the resolution of the experiments. For summaries of these measurements see Staubert et al. (1981) .
The MPI/AIT group interpreted this unexpected observation of a hard X-ray feature as a cyclotron emission line from the high magnetic fields near the pole of the neutron star. In the original measurement they also observed a feature at 120 keV which they suggested could be the second harmonic of the primary cyclotron line. This feature has not been confirmed in later measurements. Further considerations of both the theory of cyclotron lints and the observational data have shown that the feature could be explained equally well as an absorption line. The observation of a second Ow nwic 4 feature would be crucial in distinguish i ng between these alternatives. For a detailed discussion of the cyclotron lire theory see Nagel (1981x, 1981b and Meszaros et al.(1983) . The confirmation of this feature by a high resolution experiment with different systematics is an important new result.
II. INSTRUMENT AND OBSERVATION
The experiment consists of a balloon-borne array of three high-purity planar germanium crystals. The detectors are 1 cm thick and have a combined effective area of 53 cm2 at 60 keV. The efficiency of these detectors is nearly constant from 20 to 100 keV (the effective range of the Her X-1 measurement) and the energy resolution over this range is independent of energy with a value of 1.4 keV FWHM. Both the resolution and the energy calibration are accurately determined from strong narrow background lines in the flight data. Collimation is provided by a combination of a heavy active ;hield of NaI and a passive iron collimator to restrict the field-of-view to 5° x 10° FWHM. This combination achieves a very low background continuum (the maximum at 30 keV is 3 • 10 -4 cnts/cm 2• s-keV) which compensates for the relatively small effective area of the primary detectors. The telescope is mounted in an altazirnuth pointing system with a pointing accuracy of --10.
For a more detailed description of the experiment, see Paciesas et al. (1982) . 1.01 t .18. The pulsed fraction was defined as the ratio of the number of counts in the peak (after the presumed phase-independent source counts u,fder the peak are subtracted) divided by the phase-independent counts. We have also examined the light curve in smaller energy bins for variations in the pulsed fraction or pulse shape. No statistically significant varia':iors viere observed; however, the data show some indication of a drop in the pulsed fraction below 25 keV which is consistent with the break observed in the energy spectrum at that energy.
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IV. SPECTRAL ANALYSIS
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One of the primary goals of this experiment is the search for narrow lines in astrophysical sources. Figure 2 shows the results of a search for narrow lines in the pulse spectrum (defined by the phase region labeled PULSE in Figure 1 ). The solid curve is our three-sigma upper limit on narrow line intensity as a function of energy. This limit was derived from the difference between the counts in a 1.8 keV wide bin and one-third of the counts in two adjacent 2.7 keV bins. The bin width was chosen to optimize the sensitivity to a narrow line. The spectrum was sampled by moving these bins in steps of The source photon data points in Figure 3 were derived using an emission line model. However, because of the fine energy resolution of this experiment, the unfolded source spectrum is nearly independent of the model used, provided that the model can product a reasonably good fit to the measured count rates. The energ bins in the spectrum are large in comparison e to our energy resolution (1.8 -FWHM for the smallest bins), and the response matrix contains only very small off-diagonal terms due to other effects.
Because of this, the procedure used is effectively equivalent to inverting the response matrix and produces a nearly unique source spectrum. This represents an important improvement in the systematic uncertainties in the source spectrum over other experiments lacking our fine energy resolution, where the deconvolved spectrum can be strongly model dependent.
There are several qualitative features which can be easily seen in this spectrum. First, there is a steep decline in the spectrum from 22.5 keV to 37.5 keV, although the lowest energy point (20 keV to 22.5 keV) lies well below the trend of this data. Second, the intensity between 35 and 50 keV is essentially constant. Third, above 50 keV, the spectrum abruptly falls to a level at least 4 to 5 times lower. Above 70 keV only two-sigma upper limits are given. One can derive a rough estimate of the statistical significance of the high-energy excess by subtracting an exponential determined by a fit to the data below 35 keV from the data points above 35 keV. The sum of this difference from 35 to 70 keV has a statistical significance of 7.5 sigma, which is the same as the significance of the feature derived by Trumper et al.
.
We have constructed a similar spectrum for the off-pulse phase bin. The statistical uncertainties in this spectrum are substantially larger due to the smaller ratio of source to background. In this spectrum we have a statistically significant source flux only for energies less than 45 keV. An acceptable fit to the off-pulse spect rum can be made with a simple exponential or power-law model. In addition, we have compared the off-pulse spectrum with an emission line model derived from a fit to the pulse spectrum and concluded that this is also an acceptable fit. To make a more model independent 9 comparison we have rwrmalized the pulse spectrum to the same number of counts as the off-pulse spectrum and calculated the difference. This difference spectrum shags no statistically significant (> 3 sigma) fluctuations. A similar analysis has been performed for 3 equal phase bins dividing up the pulse spectrum. Again, no statistically significant fluctuations were observed. We conclude our data contain no evidence for phase dependence of the Her X•1 spectrum. However, the statistical uncertainties in these results are large and we cannot preclude the kind of phase dependences reported by other observers (Pravdo et al., 1977 , and Gruber et al., 1980 . Table 1 displays the models used to derive fits to the Her X-1 spectrum.
Models of the continuum include a power law, an exponential in energy, and a low-energy power law with an exponential cutoff. Each of these models can be used alone to fit the data or in combination with a Gaussian absorption or emission feature. Table 2 displays the best fit parameters derived from these models. The error limits are one sigma (68 percent) Joint confidence values derived in the manner of Lampton, Margon and Bowyer (1976) . Neither of the smooth continuum fits is a good fit to the data. The chance probability of X2 being equal to or greater than the value derived for the power law fit is two percent. For the exponential fit, the probability is less than one percent.
The addition of a break in the model function (low-energy power law with This rule holds for the effects of various systematic uncertainties as well.
We have considered the effects of the uncertainty in atmospheric depth and the effect of including small non-diagonal elements in the detector response m9 trix. In both cases the line parameters are only weakly coupled to it pFMOiAL. PAGE M OF POOR QUA these uncertainties. Fits were performed using values at the extremes of our uncertainty in th , ie two factors, -a nd the resulting changes in the values of the line paromeic rs that minimize X2 wmre always less thanRain + 1 error limits. The strongest cc, lp ling observed was between atmospheric depth and the continuum intensity in the emission line mclel. In this csse an error of 0.2 gm/cm2 in the average depth of our observation can shift the Xmin value of the intensity to around theX 2 + I limit of the unshifted fit. We conclude that these uncertainties do not make a significant contribution to the uncertainty in our results. 
MP1/AIT spectrum in this region is significantly higher than ours (> 3a)
13 during both of their flights. The May 1976 spectrum also shows a significant excess in the region from 100 to 120 keV. While these differences are statistically significant, the possibility of a systematic error producing this variation cannot be eliminated. In particular, the MPI/AIT spectra have been deconvolved using an emission line model. Because of their limited energy resolution, a different model can produce significant differences in the deconvolved spectrum. Final confirmation of this variation will only be possible by continued high-resolution measurements. Table 3 is a summary of the hard X-ray measurements of Her X-1 which have reported a significant feature in the spectrum. All of the values in the table are for emission-line fits to the data. Detailed comparison_ similar to those performed for the MPI/AIT results are difficult because of differences in the data analysis procedures in other measurements. For instance, the HEAO-A4 result gives only a pulse -ainus off-pulse spectrum which is not directly comparable to our pulse minus off-source spectrum, It is interesting to note, however, that if we ignore the potential systematic problems, our two spectra are completely consistent. Sheepmaker et al. (1931) 5 This 2xperiinent result of the MPI/AIT group, the differences in the measured spectra result in much larger uncertainties on the emission line parameters derived from our spectrum. 
